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SARTI	 (Sistemas	 de	Adquisición	 Remota	 y	 Tratamiento	 de	 la	 Información)	 are	 a	 research	 group	 based	 in	











































The	 European	 Project	 Semester	 (EPS)	 and	 International	 Design	 Project	 Semester	 (IDPS)	 are	
international	exchange	programs	where	multi-disciplinary	teams	work	to	complete	assigned	projects.	





Shih-Chun	 Chang	 and	 Victor	 Reyes.	 Thier	 supervisors	 who	 are	 from	 the	 departments	 of	 applied	
mathematics	at	UPC	are	Enric	Trullos	and	Joana	Prat.	They	are	working	for	the	Sistemas	de	Adquisición	




SARTI’s	vision	 is	 to	be	a	 leader	 in	 the	creation	and	development	of	 industrial	 control	 systems,	 the	









projects	 for	 the	 team	 to	 build	 upon.	 However,	 they	 have	 completed	 many	 other	 marine	 sensor	
projects.	 These	 include:	 ocean	 bottom	 seismometers,	 an	 expandable	 seafloor	 observatory	 and	
underwater	vehicles.		
Previous	designs	of	seismic	buoys	are	so	large	and	heavy;	a	large	ship	is	needed	to	transport	the	buoy	
to	 its	 predetermined	 location.	 On-board	 this	 ship	 is	 also	 a	 large	 crane.	 Many	 designs	 consist	 of	



























































(including	 the	 counterweight).	 These	 buoys	 have	 a	
variation	 of	 diameters,	 with	 some	 being	 over	 two	
meters	in	diameter	and	can	reach	heights	of	almost	six	
meters.	Due	to	the	shear	size	of	the	buoy,	deploying	it	















The	 seismometer	 is	 usually	 separate	 to	 the	 anchor	 (figure	 2).	 It	 is	
connected	 to	 the	 surface	 buoy	 using	 a	 different	 cable	 than	 the	
anchor,	however	these	can	be	attached	or	intertwined	in	some	way.	











team	 to	 see	 which	 designs	 may	 be	 helpful	 when	 designing	 our	
surface	buoy.		




very	 low	 centre	 of	 gravity	 is	 therefore	 very	 stable.	 There	 are	 no	
known	 cases	 of	 these	 kind	 of	 buoys	 capsizing.	 They	 can	 be	 easily	




is	 one	 of	 the	 most	 common	 shapes	 for	
surface	buoys.	It	has	a	symmetrical	shape	
and	 a	 structure	 on	 top	 which	 can	 be	
customised	 depending	 on	 the	 use	 of	 the	
buoy.	Many	different	attachments	can	be	
added,	 such	 as	 solar	 panels,	 sensors	 and	
cameras.	The	counterweight	is	suspended	
underwater	and	this	makes	the	buoy	very	









































In	 order	 to	 make	 the	 buoy	 more	 compact,	 the	 seismometer	 will	 be	 part	 of	 the	 anchor.	 As	 the	
seismometer	 is	normally	 separate	 to	 the	anchor,	 this	 is	an	 innovative	design.	 	Below	 is	a	 series	of	
pictures	of	the	final	design	of	the	buoy.	
One	end	of	the	cable	is	attached	to	the	seismometer	and	the	other	is	attached	to	the	electronics	inside	











































spherical	 and	 opened	 by	 removing	 the	
entire	 top.	 This	 was	 changed	 as	 it	 was	
impractical	to	have	to	remove	the	entire	
top	of	 the	buoy	 in	order	 to	 fix	 anything	
inside.	This	made	it	more	prone	to	water	
intrusion,	 especially	 because	 the	 handle	




of	 biomimicry	 is	 to	 create	 a	 product	












The	 shape	 of	 the	 body	 had	 to	
enable	 the	 buoy	 to	 maintain	 a	
singular	 direction	 with	 help	 from	
fins	 on	 the	 underside.	 Using	 the	
simplified	 shape	of	 the	 shark,	 the	
team	 developed	 a	 design	 that	
could	 be	 used	 for	 the	 new	 buoy.	
Below	is	an	image	of	a	shark	which	
was	taken	from	above.	The	red	line	
shows	 the	 initial	 shape	 of	 the	


































streamlined	 aerofoil	 shape	 which	 makes	 the	
resistance	to	drag	 low.	This	 is	a	 large	 improvement	
on	the	flat	fins	from	the	previous	buoy.	
At	first	it	was	thought	that	the	best	way	to	
encompass	 all	 of	 the	 electronics	 into	 the	
shell	of	the	surface	buoy	was	to	make	the	
entire	shell	hollow.	This	would	mean	that	
an	 internal	 frame	 would	 be	 needed	 in	
order	 to	 keep	 all	 of	 the	 different	
electronics	 separate.	 This	 frame	 would	
also	 enable	 the	 electronics	 to	 be	 bolted	
down	so	 that	 they	do	not	move	 in	 rough	
seas.	 Upon	 further	 reflection,	 it	 was	
decided	that	this	was	no	longer	a	suitable	
idea	 and	 the	 team	decided	 that	 the	 best	
design	was	to	use	the	current	design	of	the	
buoy	 which	 SARTI	 already	 owns.	 The	
original	 design	 has	 all	 of	 the	 electronics	








it	 is	 not	 possible	 to	 have	 any	moving	 parts	 inside	 the	
body	of	the	buoy	as	they	would	not	be	waterproof.	This	
is	due	 to	 the	 fact	 that	 it	would	be	difficult	 to	 create	a	
waterproof	 seal	 around	 these	 moving	 parts.	 To	
overcome	this,	the	design	was	altered	so	that	the	coiled	
cable	mechanism	was	 in	 the	centre	of	 the	body	of	 the	
buoy,	 but	 not	 inside.	 This	 means	 that	 all	 of	 the	 parts	
would	 get	 wet.	 The	 original	 materials	 chosen	 for	 the	
coiled	cable	mechanism	would	not	function	correctly	in	
this	 new	 environment	 therefore,	 all	 of	 the	 materials	
were	changed.	
Buoys	for	scientific	uses	are	classed	as	special	buoys.	All	
of	 the	 other	 buoys	 in	 the	 ocean	 have	 navigational	 or	
warning	 uses.	 These	 special	 buoys	 are	 all	 coloured	























From	 the	 diagram	 shown	
on	the	right,	the	following	
data	 can	 be	 gathered.	 A	
sphere	 has	 a	 drag	
coefficient	 of	 0.07	 to	 0.5	
and	 a	 bullet	 has	 a	 drag	
coefficient	of	0.295.		
This	 lower	 value	 means	
that	 there	 is	 less	 drag	 on	
the	 shape	 and	 therefore	
the	 water	 will	 move	
around	 the	 shape	 easier	
and	 faster.	 This	 enabled	



















𝑅𝑒345 > 	 20	×	𝐿1.3	×10=> 	≅ 0.153×10A𝐿	𝑅𝑒345 < 	 343.2	×	𝐿1.3	×10=> 	≅ 2.64×10A𝐿	
In	this	equation	the	team	have	used	a	range	of	values	for	the	velocity:	20	<	V	>	343.2m/s	
In	sea	water	if	the	main	effect	over	the	buoy	will	be	the	current	with	a	velocity	of:		0.3	<	V	<	3m/s	


















be	 dragged	 slightly	 on	 the	 sea	 floor.	 This	
enables	them	to	gain	a	firm	grip	on	the	sea	bed	
and	 slightly	 embed	 themselves	 into	 the	 sand.	
See	figure	14.	
These	 types	 of	 traditional	 anchor	 would	 not	
work	for	the	team’s	design	and	therefore	could	
not	be	utilised.	Alternatively,	a	variety	of	spike	





Upon	 recovery,	 the	 concrete	 anchor	 will	 be	 left	 behind	 and	 the	 seismometer	 and	




a	 vital	 part	 of	 every	 buoys	 design;	 it	 is	what	 the	 surface	 buoy	 in	 place	 and	 stops	 it	 from	














































the	antenna	could	be	built	 into	 the	 internal	
frame.	 This	 would	 mean	 that	 the	 internal	
metal	 frame	 could	 act	 as	 the	 antenna.	 This	
idea	 was	 inspired	 by	 the	 Apple	 iPhone	 4	














working	 constantly	 to	 provide	 the	 updates	 of	 information	 that	 will	 be	 processed	 and	


















offers	 protection	 from	 partial	 shading	 by	 including	 a	 diode	 between	 every	 string	 or	 cell.	
“Monocrystalline”	are	single	silicon	cells	grown	into	larger	crystals,	then	cross-section	cut	into	
small	wafers	to	form	individual	cells	that	are	later	joined	together	to	form	a	solar	panel.	This	
cell	 type	 has	 a	 very	 high	 conversion	 efficiency	 which	 means	 it	 takes	 up	 less	 space.	
“Multicrystalline”	 (Polycrystalline)	 cells	 are	 also	 single	 silicon	 cells	 constructed	by	 utilizing	







Solar	 panels	 have	 evolved	 quite	 a	 bit	 in	
recent	 years	 with	 popular	
“Monocrystalline”	 models	 being	 mass	
produced	as	portable	travel	companions.	It	
is	this	particular	type	of	solar	panel	(shown	





































































For	 the	 last	 surface	buoy	design	Polyamide	 is	 to	be	used	 for	 the	coiled	cable	mechanism.	
Polyamides	 are	 a	 group	 of	 plastics	 and	 encompass	 a	 range	 of	 different	 material	 types	










































handle.	 A	 motor	 can	 be	 used	 to	 turn	 the	 handle	 to	
wind/unwind	the	cable.	The	second	gear	connects	with	
the	 spindle	 and	 the	 coiled	 cable	 cylinder.	 This	 is	 the	
most	 important	 part	 for	 coiling	 the	 cable.	 The	 third	



























the	 slider-crank	mechanism	was	 changed	 to	 the	Geneva	mechanism.	 This	means	 that	 the	
entire	thread	was	changed	to	the	rack.	Both	of	these	functions	are	the	same.	They	enable	the	








































































Low	 starting	 torque	and	 therefore	
cannot	 be	 used	 for	 traction	 and	
lifting	loads.	
After	 looking	at	 the	advantages	and	disadvantages	of	 the	 two	different	motors,	 the	 team	
decided	that	the	best	motor	to	use	for	our	application	is	the	AC	motor.	This	is	because	it	is	
low	maintenance,	does	not	produce	sparks	and	can	last	a	lifetime.	The	motor	will	be	powered	
by	 an	 external	 source	 of	 energy	 upon	 recovery.	 The	 motor	 will	 not	 be	 used	 during	











The	 pressure	 can	 be	 released	 by	 simply	moving	 the	 bottom	






of	 the	 surface	buoy.	They	will	hold	 the	weight	of	 the	anchor	
when	the	buoy,	as	a	compact	unit,	is	lifted	upward	with	a	crane.			
As	the	buoy	 is	being	held	over	the	water,	 the	 impact	of	both	
buoy	hitting	the	ocean’s	surface	will	generate	enough	force	to	
push	the	anchor	against	the	buoy	momentarily.	This	action	will	







holding	 latches	 could	 be	 unreliable.	 Whilst	
keeping	the	main	design	concept	of	them,	it	
was	adapted	slightly.		
It	 was	 decided	 that	 the	 latches	 would	 be	
more	 reliable	 if	 an	 automatic	 spring	
mechanism	was	 built	 in.	 This	would	 ensure	
the	release	of	the	anchor	to	the	ocean	floor.	
The	design	chosen	is	shown	in	figure	31.	
Here	 is	 is	 shown	 that	 the	 anchor	 (green)	 is	
attached	to	the	surface	buoy	(blue)	by	a	latch	




































The	 transponders	 have	 a	 single-chip	 microcontroller	 at	
their	 heart	 for	 timing	 and	 control	 functions.	 The	
transponder	 remains	 in	 a	 low	 power	 sleep	 mode	 until	
commanded	by	the	Transponder	Control	Unit.	This	means	
that	 the	 battery	 life	 of	 these	 mechanisms	 can	 last	 anywhere	 from	 three	 months	 to	 ten	 years	
depending	on	the	size	and	use	of	the	attached	batteries.		
However,	 as	 the	project	 team	will	 be	using	 an	 innovative	new	 coiled	 cable	 the	 remote	 controlled	
acoustic	release	will	not	be	necessary	in	this	design.	The	team	will	use	mechanical	release	clips	that	
will	 function	 on	 command	by	 sending	 an	 electromagnetic	 current	 down	 to	 the	 clips	 releasing	 the	
seismometer	from	the	surface	buoy.	This	is	shown	in	figure	34	below.		
Figure	34	shows	the	coiled	cable	from	the	surface	
buoy	 attaching	 to	 both	 the	 anchor	 and	
seismometer	 at	 the	 bottom	 of	 the	 ocean.	 The	
seismometer	will	still	be	connected	to	the	anchor,	



























	 𝑉 = 400 N	×	𝜋	× 12	×	700 + 13	×	𝜋	× 400 R − 250	×	88	×	950	𝑉 = 222049832	𝑚𝑚R	∴ 𝑉 = 0.222049832	𝑚R	














	 𝑚 = 9.877 + 10.423 + 2.808 + 57.959 + 0.409 + 119.330 + 0.883	∴ 𝑚 = 201.689𝑘𝑔	
	
Therefore,	the	mass	of	the	counterweight	is	as	follows:	






	𝑉 = 	𝜋	×	 0.25 N	×	0.4 + 5	×	 0.04 N	×	𝜋	×	0.1	∴ 𝑉 = 0.08105𝑚R	
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